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While storms worsen and damage to homes increases, limited information is 
available about mitigations that are effective in lessening damage to homes and/or 
buildings.  Information on past storms exists within FEMA’s Hazus-MH application, 
but the information provided by the data within the Hazus-MH application, while 
very informative on its own, was decidedly more precise and useful when optimized 
to provide defined information to those responsible for determining building codes or 
regulations for homes.   
The research available from Hazus-MH details results from past storms 
categorized by building type, mitigations, and intensity of disaster.  The data can be used 
to simulate storm conditions and determine effectiveness of differing mitigations under 
different circumstances.  This research focused on wind damage costs, and therefore, 
only used the information from Hazus-MH related to these issues, such as hurricane 
related data.  The research also looked at several optimization methods and how the 
methods could be used to find reliable answers as to which mitigations are best for wind 
damage.  Although many optimization methods were examined for their strengths and 
weaknesses, the Pareto Optimization method was ultimately chosen because of the 
limited number of parameters to be used in the research and the ease of use.  The only 
parameters considered for this research were limited to wind speeds of 180mph and the 
160 home configurations listed in Hazus’ WSF1 data.  The results of this research will 
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prove invaluable for saving money, structures and lives by providing clear-cut 
information on which mitigations are most worthwhile and reliable. 
Introduction 
Background/Overview 
Wind damage is an integral part of some natural disasters, particularly hurricanes 
and tornadoes.  According to Five Voices of Climate Change, an article from University 
Wire (2019), climate change is increasingly destroying roadways and structures in 
America.  More and more natural disasters have affected America than ever before, 
increasing the importance of combating the destruction caused to homes and buildings by 
assessing potential risks and impacts to understand how to increase resiliency in homes 
and communities. Preparing for storms through risk assessment and home adaptation 
would not only save these structures, but also lives (Dorsey, 2019).  Multiple mitigation 
methods are discussed in this study, such as shutters, reinforced garage doors, secondary 
water resistance, improved roof-deck attachments, etc. to limit the destruction caused to 
homes from strong winds, with the intention of saving money and lives.  
These mitigation methods can be found in a FEMA owned tool called Hazus-MH. 
The data used for Hazus-MH contains information based on the type of structure, and 
building characteristic, such as shutters, garages, etc, as well as different wind speeds, 
flood levels or other extreme weather conditions (FEMA, 2019) Hazus-MH can either be 
downloaded and used as a tool to simulate loss under certain weather conditions, or the 
data can be extracted, as was the case in this study, where the data was extracted into 
excel format to be used with the Pareto Optimization method.  Although the data that 
Hazus-MH relies on is excellent on its own, this study sought to use the Hazus data to 
determine which mitigations more clearly were most effective when compared to their 
actual cost.  This research examined the data provided by FEMA for the Hazus-MH and 
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compared the effectiveness of the mitigation against the cost of implementing the 
mitigation, in an attempt to provide further clarity on the Hazus data as to which 
mitigations are worthwhile for which budgets. 
The theory behind this research is that some homes can and should be better 
equipped to withstand storm winds using mitigatory elements.  This, of course, is only 
possible if the budget exists for upgrades that improve homes’ chances of survival.  
Therefore, decision makers, homeowners and builders need to be equipped with the 
knowledge of which mitigations will work with their budgets and are worth the extra 
expenditures.  According to Howard Kunreuther, Erwann Michel-Kerjan and Nicola 
Ranger (2013), more and more citizens are flocking to the coast, where the threat of wind 
damage from hurricanes has grown significantly.  Because of this, the cost of home 
insurance in Florida is set to increase by about $2 billion by 2040. In 1950, the state of 
Florida only had 2.8 million people, but by 2010, the population had exploded to 18.8 
million (Kunreuther, Michel-Kerjan and Ranger, 2013).  The population and the number 
of structures that will require protection creates an urgent need for more data on which 
mitigatory additions or elements of a home effectively make them more resilient to save 
lives. 
Problem Statement 
Building regulations designed to improve resiliency are proven to lessen damage 
to homes in areas most prone to wind damage, but there was little research indicating 
which mitigations are most effective.  For example, after Hurricane Andrew in 1992, 
Florida enforced stricter building codes to mitigate the hazard loss to residences caused 
by high speed winds, such as the reinforced garage door that is discussed in this study. A 
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subsequent hurricane found that homes that met the code sustained 60% less hazard loss 
than those did not (Kunreuther, Michel-Kerjan and Ranger, 2013).  This example 
demonstrates the obvious effectiveness of enforced building codes, but, like other, similar 
studies, it did not further discuss which mitigations specifically were most cost effective, 
or most beneficial to homeowners and builders.   
 Similarly, the Hazus-MH data, like the available research on disaster risk 
reduction, does not indicate specific mitigations that are most effective, which could help 
in decision-making efforts on building or retrofitting more storm resilient structures, as 
the Hazus data does not include the cost, as compared to the cost of loss.  Therefore, 
more research was needed for those responsible for these structures to make well-
informed decisions.  Hazus-MH data is excellent for estimating impacts from disasters 
and creating models.  However, the data it uses to do so was more meaningful and helpful 
when compared with cost. This data, after Pareto Optimization, more clearly 
demonstrates the most helpful mitigations, such as shutters or garage door type, and 
potentially could be used to reduce hazard loss in storm prone areas. The data may also 
be used to determine which techniques are most cost effective, and easily implemented, 
as shown by the results of this research.  
The purpose of this quantitative study was to optimize the data within Hazus-MH, 
and compare it to the cost of mitigations available, in hopes of increasing its usefulness in 
DRR decisions.  There were two independent variables in this study.  One independent 
variable was the wind speed used for the calculations, which was 180mph. The remaining 
independent variable that was determined was the building type, which consists of 
different building characteristics.  There was one dependent variable defined: the amount 
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of hazard loss.  The two independent variables produce the outcome or dependent 
variable, as shown in the results.  
Significance of the Research 
 According to Kevin M. Simmons, Jeffrey Czajkowski and James M. Done (2019), 
approximately 90 tropical cyclones touch down every year, and the potentially worsening 
wind speeds caused by climate change will increase the cost of losses caused by 
cyclones.  As previously mentioned, research that explores mitigation and results in more 
conservative building codes has been proven effective in saving money and lives.  
Therefore, with the limited knowledge available, this study, and others like it, could 
prove invaluable to builders and homeowners. After studying the effects of increased 
building codes in Florida, it was determined that the strengthened codes prevented loss in 
two ways – by lessening any occurrence of loss, and by lessening the amount of loss 
when loss did occur (Simmons, Czajkowski and Done, 2019).  
 Therefore, this research, which is aimed at determining the best way to mitigate 
loss and increase cost savings is significant, because the resulting optimized data could be 
used to accurately update building codes to minimize loss.   
Purpose of the Research 
The purpose of this quantitative, correlational research is to discern the best 
mitigation strategies for homes likely to be affected by wind damage.  The variables 
being considered in this research were mitigations, wind speeds, and loss.  The data was 
collected from FEMA’s Hazus-MH application and optimized using Pareto Optimization.  
Hypothesis or Research Questions 
The central research question that this study sought to answer was: 
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What are the best mitigation practices to maximize wind hazard loss reduction of 
residential buildings based on cost, wind speed and building configuration? 
Assumptions 
It was assumed that the researchers would have access to FEMA data and the 
tools necessary to optimize it.  It was also assumed that a suitable method for 
optimization would be determined. 
Limitations and Delimitations 
The data was delimited by the researchers’ choice to only study wind damage and 
the mitigations associated with it.  The study was further delimited by the fact that only 
the data from the FEMA application, Hazus-MH, was used.  The research did not 
examine any other data or housing elements not included in Hazus-MH data. A limitation 
to this study was the availability of optimization methods which could be reliably used 
for this type of data.  
Definition of Terms 
 DDR – “Disaster Risk Reduction is the concept and practice of reducing disaster risks 
through systematic efforts to analyze and reduce the causal factors of disasters.” 
(UNESCO, 2017) 
 Sustainable – “able to last or continue for a long time” (Merriam-Webster Dictionary, 
2019) 
 Climate Change – “Climate change is a long-term shift in global or regional climate 
patterns. Often climate change refers specifically to the rise in global temperatures 
from the mid-20th century to present.” (National Geographic, 2019) 
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 Mitigation – “Mitigation is the effort to reduce loss of life and property by lessening 
the impact of disasters.” (FEMA, 2018) 
 FEMA – Federal Emergency Management Agency – Created in 1979 and signed into 
law by Jimmy Carter to help prepare for and mitigate the effects of domestic 
disasters. (FEMA, n.d.) 
 Hazus-MH – a GIS software model that can help to predict loss from natural disaster 
depending on different parameters (FEMA, 2019) 
 EAL – Expected Annual Loss 
 EA – Evolutionary Algorithm 
 PSO – Particle Swarm Optimization 
 CBA – Cost-Benefit Analysis 
 SWR – Secondary Water Resistance 
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Review of Literature 
 
The reviewed research topics for this study are from the following categories:  
optimization techniques for data, theorized outcomes from climate change versus current 
building codes and background information on FEMA and the Hazus-MH application’s 
data.  The most vital information required for this study was information regarding 
optimizing data and optimization techniques.  However, multiple articles were also 
consulted to justify the need for optimized wind damage mitigation data due to the 
worsening of climate change.  
Related Research 
Related research concerning wind damage mitigation was performed by Fatemeh 
Orooji (2015), which similarly considered the different mitigations available for 
structures, with the same Hazus-MH data.  This research was conducted using Monte 
Carlo simulations.  The Monte Carlo simulation method substitutes values for those in 
calculations that would be unknown, and by going through several iterations, accurately 
develops the probabilities of outcomes, thereby optimizing the data and allowing users to 
determine more precise outcomes.  Both this study and the study by Dr. Orooji have the 
same intended outcome, which is to help with decision making regarding mitigations and 
the cost of their absence. While Orooji’s research provided valuable insight for moving 
forward with this project, a different optimization algorithm was ultimately used, in 
hopes of achieving more accurate results.   
Similar research has been done for different results as well, which proved helpful 
in discerning the most appropriate course of action.  In a project by Meredith Robin Legg 
(2011), a different algorithm was used for similar but different results.  In this student’s 
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approach, building types were considered by their components, which is similar to the 
way that Hazus-MH data is arranged, and hurricane scenarios were considered much like 
this research did. Therefore, some helpful information was derived from the similarities 
of Legg’s study to this one.  Legg attempted to use a linear algorithm.  For this study, a 
similar optimization method was ultimately chosen because of the finite number of 
building combinations.  Also, her research was found to be very effective at finding the 
damage to structures depending on building attributes and storm scenarios, which is very 
similar to what this research is attempting to achieve, and therefore, these aspects of her 
research were strongly considered during this project.  Yet, while Legg’s study revolves 
around assessing damage, this study focused on loss and cost of damage, in hopes of 
more clearly defining the best mitigation methods for extreme wind compared to the 
monetary value of the mitigations.   
As mentioned, because Legg’s research found better results with a metaheuristic 
algorithm, this research considered using a metaheuristic algorithm for optimization.  
Fred Glover and Kenneth Sörensen (2015) define metaheuristic algorithms, as the name 
would suggest, as not exact in nature, and as typically being useful in a range of 
applications.  There are many popular metaheuristic optimization algorithms that are 
frequently used in optimization research because they are not designed to provide an 
exact, finite answer, and instead seek to find the solution that is the most probable. 
(Glover and Sörensen) According to Kee Huong Lai, Woon Jeng Siow, Ahmad Aniq bin 
Mohd Nooramin Kaw, Pauline Ong, and Zarita Zainuddin (2019), one of the most 
common types of metaheuristic algorithms are Evolutionary Algorithms (EA), which are 
based on Darwin’s theory of evolution.  Most of these algorithms work by using genetic 
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operators, which choose the next iterative selection by considering fitness (Lai, Siow, 
Kaw, Ong, & Zainuddin, 2019).  According to Ioannis Palogos, Michael Galetakis, 
Chistos Roumpos and Francis Pavloudakis (2017), the key steps to the genetic algorithm 
include initiation, mutation, crossover and selection.  Initiation requires selection of a 
sample set, of which the size will not change throughout the optimization.  Afterwards, 
the population will experience a process taking place for a predetermined number of 
generations.  For this study, for example, this would have included examining the loss or 
lack thereof by implementing mitigations in several storms which would generally cause 
wind damage. Some of the mutated individual datum (structures having endured storms) 
from the sample set would mix with the original sample set in the crossover step.  If this 
new combination sample set was more desirable than the original, then it would 
henceforth become the new sample set in the selection step (Palogos, Galetakis, Roumpos 
and Pavloudakis, 2017).  
There are many excellent EAs in use and available for optimization.  According to 
Mohd Nadhir Ab Wahab, Samia Nefti-Mezjani & Adham Atyabi (2015), Particle Swarm 
Optimization (PSO) is an excellent example of an EA method, which works by 
simulating the movement of flocks of birds or schools of fish.  This algorithm is based on 
three movements thought to be exhibited by these animals when in formation – 
separation, alignment and cohesion.  Separation would be the act of moving away from a 
crowded area of the group, alignment would be moving in the same direction and at the 
same pace as the group, and cohesion would be the act of moving toward the average 
position in the group (Ab Wahab, Neft-Mezjani & Atyabi, 2015).  There are many 
advantages for this algorithm, including the facts that it is so simple to implement and 
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that it can be applied to a variety of optimization needs.  However, as pointed out in an 
article by Frans Bergh and Andries Engelbrecht (2010), the convergence of points 
produced by PSO may not ultimately be optimal in all cases, and therefore, this was 
decidedly not be the best algorithm to work with this type of data.  Therefore, while this 
algorithm may produce dependable, optimized results, and is certainly used in a variety 
of ways, other optimization algorithms were sought which could produce accurate results.  
An article by Jianhua Liu, Jianguo Yang, Huaping Liu, Xingjun Tian & Meng 
Gao (2017) describes another excellent EA optimization algorithm which is known for 
more accurate results, named the Ant Colony Optimization method.  This method is 
superior to PSO because it has the ability to rely on a balance of intensification and 
diversification. The algorithm was derived from the pattern of social behavior by ants 
with or without pheromones (Liu, Yang Liu, Tan & Gao, 2017). The independent 
variable in this algorithm would be the pheromones, which, like the wind speed in the 
proposed project, could be manipulated to predict the direction of a social ant (Lai et al., 
2019).  Intensification is caused by the release of ant pheromones – as ants travel a path, 
they deposit a pheromone which other ants follow instead of arbitrarily choosing their 
direction.  The more ants that follow a path, the more pheromones are deposited – hence, 
the intensification (Liu, Yank, Liu, Tian & Gao, 2017).  This building block type of 
algorithm, where every iteration produces a result is more precise in its probability than 
the previous is a key characteristic of an evolutionary algorithm.  With each group of 
ants, theoretically, the path would be more clearly defined as a result of the increase in 
pheromones, thereby determining the most probable outcome as closely as possible.  
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The Harmony Search Algorithm is like the Ant Colony method, as it relies on 
intensification and diversification, and was the most strongly considered metaheuristic 
algorithm for this research.  According to Fesanghary, Asadi, & Geem (2011), this 
method only requires a few variables to be successful, and uses very few mathematical 
requirements, which made it appealing to this research, especially compared with the less 
accurate or more complicated metaheuristic algorithms considered.  In the research 
performed by Fesanghary et al., parameters were used similar to those in this study, and 
with competing objectives (Fesanghary et al., 2011).  Therefore, initially it was thought 
best to choose this algorithm or one similar do it due to the precise outcome it could 
produce under similar circumstances.  However, the finite number of options in this 
research shifted the study to use Pareto Optimality instead.  It was discovered that in 
action, with the variables available, a metaheuristic algorithm would actually produce 
less accurate results than the simpler and more widely used Pareto Optimality.  A 
metaheuristic optimization algorithm would likely be more helpful when examining 
many more parameters than this study sought to examine, but for this study, the variables 
were limited to the 160 building configurations and wind speed of 180mph.   
 According to Giorgio Chiandussi, Marco Codegone, S. W. Ferrero and F. E. 
Varesio (2012), Pareto optimality is achieved when the optimal solution consists of 
variables which could not be improved upon without making the other variable less 
desirable.  This is ideal when there are two competing objectives.  In this case, the cost of 
mitigations would generally rise with the reduction in damage to the structures and vice 
versa, creating a range of optimal building configurations, which would be called the 
Pareto Front.  This is important to note in this type of study, where the optimal selection 
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between the competing variables of cost versus damage is ultimately what the research 
seeks to determine.  The research is not attempting to understand which mitigations work 
best alone, as this is not helpful for those on a budget, or practical in real world scenarios, 
where owners or decision makers must weigh the effect against the cost of the mitigation.  
Instead, this research is intended to move one step further and compare the cost of the 
mitigation to the savings homeowners will reap in their area. 
 The Pareto Front consists of the points, which when plotted, appear to be non-
dominated.  Domination of these points occurs when one vector can be improved upon 
without worsening the other enough to make it no longer an optimal solution (Chiandussi, 
Codegone, Ferrero, & Varesio, 2012).  When plotted, these are the bottom most points 
going from left to right of the chart.  These points are the most optimal, as they are the 
only points that cannot be improved upon without another solution becoming more 
optimal, in terms of either cost or damage.  The Pareto Front, therefore, is the lowest line 
of points, consisting only of the most optimal, and best solutions, giving the decision 
maker the ability to see immediately which home composition would be safest with less 
complicated calculation.  Additionally, the Pareto Front and plotted points allow a 
decision maker to zero in on their budget to determine what is practical, within their 
means.  
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Figure 1: Continuous Optimization (Špačková & Straub (2014)) 
Olga Špačková and Daniel Straub (2014) presented the above charts for continual 
optimization in similar research.  Figure 1 consists of two charts.  In the first chart, the 
cost and risk are plotted against a budget or protection level I.  While this research will 
certainly help with budget, it was not performed with any particular budget in mind.  
However, this chart is still relevant to the research and could be used in the instance that 
any constraint was to be considered.  The same numbers in the results of this research 
could be combined with any constraint.  For example, if the decision maker were to have 
a specific budget number in mind, they would be able to add it to the calculation for 
Pareto Optimality, thereby determining the best solutions for that budget.  
The research conducted here results in a chart similar to the second chart.  This 
research considers no budget constraints in the calculation of optimal results.  The second 
chart only shows costs versus risk – the same information the calculations here seek to 
obtain.  It is important to note that in second chart, the solid line represents the same 
information as the solid line in the first chart, even if the two do not match each other 
visually in the two charts.  The solid line shown in these charts signifies the optimal 
results from a Pareto Optimization, which as previously mentioned, would consist of the 
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non-dominated points, or those that will no longer be optimal if either the damage or the 
cost of the mitigation increases.  
Špačková & Straub (2014) detail further how Pareto is ideal for work concerning 
budget constraints or Cost-Benefit Analysis (CBA).  Theoretically, if a risk assessment 
(RA) were to be performed, regarding weather conditions and mitigations, this 
information would be vital to determining the risk of damage to buildings and whether 
the risk should be mitigated, avoided or accepted.   Mitigation of the damage would 
include any of the methods that this research examines, such as purchasing and installing 
shutters or a reinforced garage door.  Avoiding the risk may not be entirely possible for 
most homes, as they are unmovable, but could include choosing to build elsewhere, away 
from areas prone to strong wind damage.  Acceptance of damage would  mean that  
Ultimately, any RA designed to determine the risk versus reward of mitigation would 
require the Pareto Optimality Front points derived from this research to get clear 
indicators of best solutions because the two variables are so easily measured against each 
other with Pareto Optimization.  In fact, RA could go even further with this research to 
determine the likelihood that buildings would meet the criteria used in for the 
calculations.  This research considers wind speeds of 180 mph and single story, wood-
framed houses, but the same method could be used for virtually any speed and any 
building structure listed in the FEMA Hazus tool data.  Essentially, the method used in 
this research makes performing a CBA much easier, thereby, providing a potential 
steppingstone for other types of risk assessment-related work in this field.   
Notably, it is understood that the only variables that are truly essential in this 
study are the cost of the mitigations and the loss to structures with or without the 
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mitigations in place.  A considerable limitation for research of this type is that it would be 
quite difficult to put any sort of monetary value on the loss of life or the potential saving 
of lives that could result from installation of wind resistant mitigations (Špačková & 
Straub, 2014).  In spite of this limitation, the CBA performed using the Pareto 
Optimization Method provides a clear-cut and fair way to determine the allocation of 
resources with maximum benefit per dollar spent.  Without the ability to measure the cost 
to life, Pareto Optimality still determines, with a great degree of certainty, what measures 
will make buildings more structurally sound on differing budgets, and therefore, safer.  
While this research can make no direct recommendation as to whether lives or direct 
costs relating to life, health, etc. can be saved, it can still reliably be assumed that with 
more structural soundness preventing wind damage, lives will improve and be saved if 
the research is relied upon.    
The CBA equation can easily be summarized as follows, where a represents the 
parameters from the Hazus information, and C and R represent the values of cost and the 
risk (monetary value of damage) (Špačková & Straub, 2014).  
 
CBA calculation is an especially easy choice for this study, because both the variables of 
risk and cost have unambiguous monetary values.   
Theorized Outcomes from Climate Change and Current Building Codes 
 Literature reviewed prior to this proposal concerning climate change and current 
building codes suggests that there is a need for this research and weather is likely to 
worsen in coming years.  According to a study conducted by Aleksandra Kazmierczak 
and Erik Bichard (2010) homeowners are willing to pay for improvements to their homes 
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to counter the effects of climate change in many cases and are concerned about the issues 
presented by climate change.  However, there is a clear lack of information that details 
the benefits of mitigations available. Because this study examines loss and not damage, it 
can inform governments of which mitigations are worth paying for and which can be 
disregarded to save money and allow homeowners, builders or whoever else may benefit, 
the knowledge to choose which mitigations are the best fit for their homes and budgets.   
Several other studies show the looming worsening of storms and a clear need for 
better codes, and as mentioned in the first chapter, multiple articles describe the 
worsening effects of climate change.  According to research by Matthew Ranson, 
Carolyn Kousky, Matthias Ruth, Lesley Jantarasami, Allison Crimmins, et al. (2014), 
where simulations were performed without the added population and economic effects of 
populations added, simply the climate change alone was likely to drastically increase 
wind damage to homes severely throughout the world by 2040.  The simulations 
performed for this study found that for the North Atlantic basin in Europe, damage could 
increase by as much as 258% from storms.  A study produced by James B. Elsner, Shawn 
W. Lewers, Jill C. Malmstadt, and Thomas H. Jagger (2011) examined a more specific 
locale, Eglin Air Force Base, which is approximately 65 miles west of Panama City and 
60 miles east of Pensacola in the Northwest Area (known as the Panhandle) of Florida in 
Okaloosa County.  This research was based on historical data proving that winds from 
hurricanes were becoming stronger, and that if the current trends were to be trusted, then 
the strongest hurricanes in the future would produce at least 36% more damage than those 
at present.  Unfortunately, this area of the country is not only already heavily populated, 
but also a vacation destination for many Americans.  
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Faced with the understanding that wind damage is only becoming a more serious 
threat, homes and people will be in dire need of more proven mitigations to lessen the 
threat of damage and death – especially those that are cost efficient.  While the study will 
not look at the loss of life, it is impossible not to consider the repercussions on life if 
these mitigations are not used.  The value of the research towards strengthening building 
codes and supplying much needed information to the communities in storms’ paths is 
unquestionable.  An article by Barry S. Levy, Victor W. Sidel, and Jonathan A. Patz 
(2017) discussed the indirect health effects of climate change endured by those primarily 
in middle and low income countries, and found that those countries that had weaker 
approaches to risk management were more vulnerable to multiple severe problems, such 
as forced displacement, often resulting in food insecurity, mental health struggles and 
violence.  Forced displacement can start a cycle of poverty for a family which is 
extremely difficult to recover from, especially if the family’s home is in shambles.  
Mental health struggles and even post-traumatic stress syndrome are common in 
populations who are forced to leave their homes due to natural disasters (Levy, Sidel, 
Patz, 2017).  With this research and other research like it, more families can hopefully 
stay in their homes and save money through mitigation and better risk management, 
rather than through reactive measures after wind damaging storms.     
 According to Debra Javeline and Tracy Kijewski-Correa (2018), 39% of 
Americans live on the coast, which is set to rise, increasing the need for information 
regarding home protection from hurricanes.  Among these coastal citizens, many do not 
retrofit homes or improve them to limit the amount of damage possible by storms, even if 
there is information supporting the added value (Javeline and Kijewski-Correa, 2018). 
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Because of this, regulation and building codes are necessary to ensure the maximum 
amount of safety and loss reduction possible.  In fact, to prevent the worst effects from 
reaching the most vulnerable, such as the impoverished, Levy, Sidel and Patz (2017) 
recommend that strong plans be implemented for emergency response and preparedness, 
such as implementation of these mitigations.  This may include government assistance in 
many cases to ensure that vulnerable citizens are protected from extreme wind.   
This research could be helpful in determining in unambiguous terms which 
mitigations are worthy of taxpayer money and which could reasonably be expected to be 
implemented, by law, onto existing and new structures.  Requiring the retrofitting of 
homes and buildings in areas where storm winds are likely to reach speeds of up to 180 
miles per hour would make sense, and almost certainly would be necessary, if only to 
avoid disproportionately affecting the impoverished in any storm prone area.  Wind 
speeds of 180mph were considered because this most closely resembles coastal 
conditions, and therefore, those most vulnerable to climate change.  If codes were not 
enforced requiring that upgrades be made to structures to protect the lives and contents of 
buildings then, unfortunately it is likely that the lower valued buildings and buildings in 
less desirable parts of the world will be less likely to receive the upgrades.  
 In research produced by Susan L. Cutter et al. (2013), it was found that building 
codes, are sometimes implemented at a federal level, which makes them oftentimes 
ineffective at increasing resiliency in those places most effected by wind damage.  
However, building codes were found to be very effective when regionally directed.  
Because research that could be aimed at changing opinion on building codes is sparse, the 
need for this research, and research like it will become more in demand to protect those 
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areas that struggle with worsening storms.  This could allow more localized governments 
the information to direct what should be put into law depending on the threats most likely 
to affect them.  Often specific mitigations are not mandated for those most in danger and 
instead, codes can encompass entire countries instead of communities that are more at 
risk (Cutter et al, 2013). Therefore, information is needed for regulations that could be 
enacted at the local level, which could have a more beneficial impact.  While this 
research specifically targets wind speeds of 180 miles per hour, the same calculation 
could be used at any speed that was relevant to a particular locale, making it easy for 
local decision makers to insert their information and determine mitigations that work best 
for the most prominent structures and wind speeds in their areas.  This research also uses 
the WSF1 structure, but any structure used in the FEMA Hazus application could 
potentially be used as well, if that building configuration better suited the situation.  
 A research article by Jörn Birkmann and Korinna von Teinman (2010), found that 
many times, the political response to DDR is to spend more money on recovery and 
humanitarian relief than to plan for disaster instead of using proactive building codes. 
This response typically includes issuing short term work permits instead of paying for 
appropriate mitigations for affected citizens (Birkmann & Teinman, 2010). Governments 
are, of course, not wrong to offer humanitarian aid or to issue short term work permits in 
the event of disaster, but the reactive nature of these acts increases spending and despair 
when compared with proactive DRR techniques.  If governments had the information 
available to create stricter building codes and act proactively to strengthen homes, the 
assumption is that governments would choose to protect their neighborhoods and uphold 
property values and standards of living.  Without attempting to increase resiliency in 
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structures, they are too likely to fall into disrepair or revert to a lesser standard of 
development when faced with disaster (Birkmann & Teinman, 2010).  
 Interestingly, the areas which require more adequate building codes are the areas 
in which these disasters are prominent because rebuilding can occur so frequently without 
substantial improvement on design or mitigation (Birkmann & Teinman, 2010). Although 
these disasters are often horrific and challenging, within them lies the opportunity to 
rebuild in a more sustainable way, which is sometimes being ignored.  Stronger building 
codes and government intervention are required to ensure that communities seize the 
opportunity to improve upon existing design. Otherwise, unfortunately, it is too tempting 
to rebuild as cheaply as possible with little regard for disaster or only following minimal 
code requirements.  The stronger the government can make building codes, the more 
likely destroyed homes are to survive another storm.  Also, while implementing 
mitigatory measures may be costly initially, it will save money in these areas that are 
frequently affected by storms. 
 In other research that echoes this sentiment conducted by Susan Cutter (2013), it 
was determined again that governments are currently not adept at disaster mitigation and 
keeping up pace with climate change, which is not only increasing the cost globally, but 
also increasing wealth inequality.  The rapid succession at which storms are occurring in 
the most fragile parts of the world means that some populations are continually forced 
into severe poverty and homelessness, and entire communities and economies are 
crippled (Cutter, 2013). As previously mentioned, mitigation costs less than rebuilding a 
home, and therefore, especially in communities that are faced with poverty, a solid 
knowledge and capacity to build homes that can sustain high winds could have a dramatic 
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effect on the citizens within.  As more research emerges containing valuable information, 
such as the FEMA data, governments around the world will need to consider mitigations 
when building and establish more stringent building codes. 
Hazus-MH Background 
 For this research, a good understanding of the FEMA data found within Hazus-
MH is necessary.  According to the Hazus-MH Hurricane Model User Guide (2018), the 
Hurricane Model “provides local, state, and regional officials with state-of-the-art 
decision support software for estimating potential losses in hurricane scenarios.” (p. x) 
Because of this, the data that exists within the Hazus-MH application is ideal in 
determining the best mitigations for homes. The aim of the data contained within the 
application is to remedy the issues discussed in other parts of this literature review.   
 The data used in Hazus-MH was generated using Geographic Information 
Systems (GIS) Technology.  It can determine the physical, monetary, and social losses 
from disaster (Hazus, 2018).  For this study, we will only focus on the monetary losses, 
and attempt to use the data to justify some of the costs of retrofitting homes.  For the 
optimization equation, we can only use monetary units to compute and understand the 
implications of not implementing mitigatory items.  Also, this study will narrow down its 
scope further to focus on wind damage.  Hazus-MH provides a hurricane model, but it 
includes flood damage.  Because the best mitigation for flood is simply to lift properties, 
this study will omit the flood aspect and instead focus on what is less known, which is the 
cost of wind mitigations and conversely, the cost of not implementing those mitigations.  
We will only include damages at wind speeds of 180mph, although this method could be 
duplicated using any wind speed.  
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 The data within the hurricane model of Hazus-MH was created through 
simulation.  The concepts of structural reliability are used to formulate the probability of 
damage to structures depending on differing variables, such as wind speed, mitigations in 
effect, structural composition, etc.  (Hazus, 2018) The simulations that can be performed 
with the data can include debris carried in the wind, the length of wind gusts, the terrain 
where the structure is built, etc.  Buildings are grouped into specific classes, determined 
by their composition and occupancy.  For this study, General Building Stock will be 
considered, specifically wood frame one-story single-family housing, or as the Hazus-
MH model calls it, WSF1 (Hazus, 2018). Among these structures, there multiple 
characteristics that will be considered as well, such as roof shape, and opening protection.   
 Further information available from the application’s data includes estimates for 
costs of repair or replacement of buildings, and even quantity of debris in regional and 
national databases (Hazus-MH, 2018). Simulations exist as well to determine the most 
effective mitigations available depending on risk and structure type.  This information 
will be used with the Pareto Optimization Method to determine which mitigations are 
worthwhile retrofits for homes in the WSF1 category.  The data from Hazus is 
exceptional alone, with many potential applications.  While this research will use Pareto 
Optimization to determine the best mitigatory methods to limit damages, if there were 
more parameters used, several of the optimization methods mentioned in the literature 
review could be used for similar, but possibly less precise results.  By limiting this 
research to wind speeds of 180mph and only considering WSF1 buildings, Pareto 
Optimization, combined with the Hazus data provides the most reliable combinations of 
mitigations out of all other methods considered.  
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 With this data, regulators, homeowners and builders could build with more 
assurance that chosen mitigations will be effective and cost appropriate.  The resulting 
information from conducting this research shows, reliably, which mitigations are 
worthwhile and could be enforced for stronger building codes or used to strengthen 
homes even in the absence of regulation.  
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Methodology 
 
 This project was completed in three phases: data collection from FEMA, 
optimization of data, and forming recommendations based on optimized data.  To begin 
the project, research was conducted to discover the most appropriate algorithm for the 
optimization of the FEMA data. After the data was examined it was determined that 
Pareto Optimality would be the simplest and most accurate method to observe the results.  
Prior to selection of the Pareto Optimization method, multiple optimization methods were 
considered.  While some had excellent and apparent benefits, it was decided that because 
of the simplicity of the Pareto Optimization method and the few variables being 
considered, that there was no need to use anything more complicated.  Lastly, the data 
and conclusions were formatted into one easy to read table.   
 This research was quantitative.  According to Creswell and Creswell (2018), 
correlational design requires investigators to “use the correlational statistic to describe 
and measure the degree or association (or relationship) between two or more variable or 
sets of scores.” (p. 12) Essentially, this research explores the relationship between the 
configuration of houses and the cost of the damage caused by wind speeds of 180 miles 
per hour.  The variables examined in this research were wind speed and the different 
types of mitigations in place, such as shutters or reinforced garage doors.    
In this research, a method for determining optimal mitigations for wind damage 
based on Pareto Optimality is presented. This model is developed to minimize the 
building cost and hazard loss simultaneously, as both building cost and hazard loss are 
contradictory in nature.  As hazard reduces, building cost generally rises.  Pareto 
Optimality was used to examine variables from the Hazus information on direct 
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economic loss to WSF1 homes from damage done at 180mph winds.  Because there are 
several variables that are optimal depending on budget, there were several correct 
solutions, which make up the Pareto Front. 
Pareto was ideal for this research because rather than finding one ideal home 
configuration, it provides several compromises, allowing the decision maker to determine 
which is best for their budget (Chiandussi, et al, 2012).  When each building 
configuration was plotted in regard to the cost it was likely to incur over a ten year 
period, corresponding with the cost of remodeling the home with the mitigations, those 
points which could not be improved without simultaneously lessening the other were 
considered optimal.    
Pareto Optimization is ideal as well, because it allows the decision maker to view 
the configurations by comparison.  This type of comparison is ideal because, by its 
nature, it eliminates those options that do not save enough money to cover the cost of 
their own implementation.  For example, shutters costing $3,128 would be excluded from 
inclusion in any of the results of the Pareto Front if they did not prevent enough damages 
to cover the cost of their implementation, when compared with the other configurations 
included in the study.   
This study examined one-story, wood-framed single-family houses, which are 
classified by Hazus as WSF1.  They are further divided into 160 categories depending on 
certain characteristics.  The characteristics included by Hazus are: 
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Roof Type Roof Deck 
Attachment 
Garage 
Door 
Shutter Roof Wall 
Connection 
Secondary 
Water 
Resistance 
Gable 
Hip 
6d @ 6 in/12 in 
6d/8d @ 6 in/6 in 
8d @ 6 in/6 in 
8d @ 6 in/12in 
None 
Standard 
Weak 
SFBC 
1994 
Yes 
No 
Strap 
Toe-Nail 
Yes 
No 
Table 1: Building Characteristics 
 
 In addition to the characteristics listed in Table 1, the characteristics are further 
narrowed to represent only typical low-rise, non-engineered or marginally engineered 
single-family homes, with asphalt shingle roofs and attached garages, as used in the study 
by Dr. Orooji.  The houses considered in that and this study are 2,000 square feet, and 
have an approximate value of $250,000 (Orooji, 2015).  A visual representation is 
available in Figure 2. 
 
Figure 2: Three-Dimensional View of Home Represented 
  
27 
For the roof-deck attachments references the fasteners that are used to attach the 
roof sheathing to the roof framing.  There are a wide variety of fasteners, including 
staples, nails, screws, etc.  Hazus considers only the 6d @ 6 in/12 in, 6d/8d @ 6 in/6 in, 
8d @ 6 in/6 in, and 8d @ 6 in/12in nail options. This is one of the mitigations that is 
unlikely to change unless the structure requires rebuilding.  For example, if a new roof is 
added, it is likely that new nails would be required.  Also, it is possible to add the nails 
after construction, and this research will detail whether that added measure would be 
worth the cost.  Roof types are also unlikely to change, but they are still considered for 
comparison by Hazus.  The two shapes considered are Hip and Gable.  There are other 
kinds, but they are generally versions of these two shapes, and having them narrowed 
down to simply two shapes is helpful for simplicity’s sake.  Generally, a hip roof includes 
four sides slanting downward, while a gable roof will include only two, as shown in the 
figure below: 
 
Figure 3: Roof Comparison (https://www.tulsaprotech.com/hip-vs-gable-roof/) 
As demonstrated by the figure, there are multiple roofs that do not exactly resemble one 
of these two types.  There are variations of these and others.  However, in America at 
least, most roofs are variations of these two.  There are advantages and disadvantages to 
both types.  For this study, it is most important to understand that hip type roofs are 
considered the be better suited for windy areas, while gable type roofs are more prone to 
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damage in high winds.  Gable type roofs are, however, cheaper to build and easier to 
design (Hip vs. Gable Roof: A Complete Comparison, 2019).   
 Mitigations that are likely to change considering substantiated research include 
shutters, secondary water resistance and possibly garage door type.  As shown in Pricing 
Table 3, these are the least costly mitigations as well.  Hurricane shutters are used to 
cover vulnerable windows in areas where high wind speeds are probable.  Hazus does not 
consider the type, only their existence or lack thereof.  However, there are multiple types 
to consider, ranging in cost, look and protection offered.  There is also the less costly 
alternative of plywood, which is often used in place of shutters (Hurricane shutter guide: 
Compare types, 2017). Therefore, while this research will show the cost of applying 
shutters and their effectiveness, it is important to note that there are different types of 
shutters and alternatives that will increase effectiveness at a lower or higher cost.  
Options for hurricane shutters include aluminum or steel shutters, which are also 
inexpensive, accordion hurricane shutters, colonial hurricane shutters, Bahama hurricane 
shutters and roll-down hurricane shutters.  An expensive alternative to shutters is 
hurricane glass, which can be more attractive and practical, depending on the type 
(Hurricane shutter guide: Compare types, 2017).  Of the options for shutters, roll-down 
shutters tend to be priced similar to hurricane glass and offer some of the best protection 
and ease of use at $30-$55 per square foot.   The steel or plywood panels would be the 
least expensive at $1 - $8 per square foot.  While the steel or plywood panels are the 
cheapest, most difficult to implement, and arguably least attractive, they still offer 
excellent protection for vulnerable windows and doors.  While they may not be 
  
29 
considered entirely in the Hazus data, they are completely valid alternatives to more 
costly, professionally installed shutters.  
Another mitigation considered by Hazus is secondary water resistance (SWR), 
which is an additional layer that can be added to the roof deck attachment to protect the 
roof and structure in case the roof becomes depleted.  According to Don Meyler 
Inspections, a Florida-based Windstorm Inspection Company, there are essentially two 
types of SWR considered to be effective.  The first is self-adhering polymer modified-
bitumen underlayment, which are peel and stick sheets applied directly to the sheathing 
joints or deck.  The other is closed-cell foam adhesive, which is sprayed on the underside 
of the roof in the attic.  While the second option is more expensive, generally, it can be 
applied anytime, while the sheets are only applied when the roof is being replaced.  Like 
shutters, Hazus only considers the existence of SWR or the lack of it.  The Hazus data 
does not consider different materials that could be used for the effect or any other quality 
of the SWR/shutters.  With some research, however, it becomes more evident which 
mitigations are appropriate for which properties and how some of the costs could be cut 
even lower than those displayed in the Pareto Front.  
In the Hazus data, garage doors are slightly different from the consideration of 
shutters and SWR, as Hazus considers a few types instead of only whether a garage or 
garage door exists.  The types considered are either no garage, a standard garage door, a 
weak garage door, or one that was required for the South Florida Building Code in 1994, 
which would be reinforced to limit damage.  While it may seem that the garage door is 
only beneficial for protecting a garage, according to the Insurance Institute for Business 
& Home Safety (IBHS) (2020), when a garage door fails, it brings about a weakening of 
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the walls surrounding the garage and, ultimately, poorly effects the entire house.  Prior to 
2006, garage doors were not rated were wind resistance, but after 2006, modern codes 
began to require that garage doors be tested for their resistance to wind damage (IBHS, 
2020). Because garage doors have been determined to be so instrumental in preserving 
homes, by 2021 garage doors will all be labeled clearly with permanent information 
displaying their expiration dates and wind resistance ratings (IBHS, 2020). Coupled with 
the information in this study, this new rating system will empower decision makes to 
determine the best option for their garage door.   
This study does not consider the size of the garage, which could complicate 
expenditures and the amount of damage received.  This study only considers garage doors 
for single garages.  Garage doors for larger garages would not withstand as much damage 
as their smaller counterparts and would be more likely to bow in the middle or buckle 
under extreme circumstances.  However, the research could still be used to make 
decisions for these types of garages, but simply not as accurately as for a single garage.  
All of the potential combinations for the attributes discussed are given a number 
from 1 – 160, as represented in Table 2.
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Table 2: Building Configurations 
For each of the 160 combinations of these elements, Hazus has two functions: 
damage function and economic loss functions, which the model computes by using 
explicit and implicit costing techniques.  For the sake of simplicity, this research only 
considered winds of 180 mph and only costs from direct economic loss.  However, of 
course, the damage function could ultimately be used for further calculations and added 
strength to future studies.  The data obtained from Hazus regarding the damage, in terms 
of monetary expense, and the cost of the materials and labor required to retrofit homes 
with the mitigations were entered into the Pareto application, and the results were plotted 
as previously described to obtain the Pareto Front.   
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The costs to retrofit homes are represented in Table 3.  The data used in this study 
to represent the cost for each mitigation was supplied from the aforementioned study by 
Fatemah Orooji (2015), who obtained her cost data from a local builders’s supply, big 
box stores, and published component-level housing cost data included in R.S. Means.   
The WSF1 house Notably, adding both SWR and upgrading RDA together results in 
substantial savings that are considered in this study.  However, as previously mentioned, 
this study does not consider all options within each mitigation, but can and still should be 
used as a more general guide for expected costs: 
 
Mitigation Cost Cost Assumptions 
Add SWR $11,120 Taping, Removing/Installing Shingles 
Upgrade RDA $10,770 Adding nails, Removing/Installing Shingles 
Add SWR & Upgrade 
RDA 
$11,970 Taping, Adding Nails, Removing/Installing 
Shingles 
Add Hurricane Straps $1,700 Straps/Installation 
Reinforce Garage Door $1,200 Door/Installation 
Install Shutters $3,128 Shutters/Installation 
Table 3: Mitigation Costs  
Loss in decimal values can be observed in Table 4 from the research performed 
by Dr Orooji. Each of the 160 combinations of considered mitigations are represented in 
a number 1-160.  The decimal in this table represents the cost in damages to the WSF1 
homes.  To calculate the total average annual loss (AAL) in monetary terms, the 
following equation was used: 
 𝐴𝐴𝐿 = ∫ 𝑓  (𝑣)𝐿(𝑣)𝑑𝑣 
For this equation, to calculate AAL, L(v) represents the loss function, and fv(v) represents 
the likelihood of damage for the annual wind at the highest rates possible to the 
configuration.  The resulting table, Table 4, represents the loss to each different 
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configuration, assuming the WSF1 building were on open terrain, with 3-second gust 
winds.  
 
Ref # 180mph Ref# 180mph Ref# 180mph Ref# 180mph 
1 1.696 41 1.473 81 1.401 121 1.168 
2 1.274 42 0.980 82 1.033 122 0.725 
3 1.534 43 1.330 83 1.235 123 1.139 
4 1.022 44 0.775 84 0.904 124 0.606 
5 1.707 45 1.572 85 1.526 125 1.346 
6 2.005 46 1.849 86 1.557 126 1.347 
7 1.306 47 1.104 87 1.074 127 0.781 
8 2.002 48 1.755 88 1.545 128 1.406 
9 1.124 49 0.845 89 0.932 129 0.638 
10 3.243 50 3.222 90 2.035 130 1.980 
11 1.089 51 1.034 91 0.915 131 0.843 
12 0.493 52 0.362 92 0.459 132 0.339 
13 1.032 53 0.977 93 0.924 133 0.861 
14 0.443 54 0.318 94 0.430 134 0.309 
15 1.065 55 1.000 95 0.907 135 0.888 
16 1.495 56 1.424 96 1.163 136 1.086 
17 0.660 57 0.530 97 0.507 137 0.430 
18 1.678 58 1.635 98 1.247 138 1.199 
19 0.600 59 0.491 99 0.486 139 0.393 
20 1.573 60 1.627 100 1.268 140 1.237 
21 1.445 61 1.204 101 1.333 141 1.068 
22 1.060 62 0.557 102 0.977 142 0.597 
23 1.354 63 1.207 103 1.219 143 1.025 
24 0.893 64 0.488 104 0.848 144 0.488 
25 1.544 65 1.310 105 1.375 145 1.195 
26 1.879 66 1.659 106 1.516 146 1.345 
27 1.172 67 0.740 107 1.024 147 0.671 
28 1.897 68 1.791 108 1.543 148 1.343 
29 1.014 69 0.695 109 0.918 149 0.598 
30 3.247 70 3.142 110 2.035 150 1.900 
31 1.032 71 0.950 111 0.909 151 0.909 
32 0.501 72 0.341 112 0.456 152 0.350 
33 1.080 73 1.017 113 0.913 153 0.904 
34 0.446 74 0.320 114 0.418 154 0.318 
35 1.020 75 1.011 115 0.879 155 0.891 
36 1.440 76 1.398 116 1.163 156 1.137 
37 0.623 77 0.525 117 0.519 157 0.413 
38 1.588 78 1.647 118 1.173 158 1.171 
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39 0.567 79 0.527 119 0.500 159 0.410 
40 1.559 80 1.569 120 1.221 160 1.195 
Table 4: AAL for Each Configuration of Home 
 
After determining building configuration cost and corresponding loss dealt to that 
configuration over a period of thirty years, the figures were then plotted to determine 
which costs were the lowest, while also preventing the most damage.  Because the cost of 
mitigations generally rises with the effectiveness of the mitigation, the points resulting 
from plotting the Pareto Optimization outcome are the best possible outcome from every 
range of budget. 
Threats to Validity 
One threat to the validity of this research would be the non-specificity of the 
location.  While much of the research discusses coastal locales, this research could apply 
to inland locations with different mitigation methods and wind speeds. In different 
scenarios, such as tornados, other shelters may be necessary or different types of 
mitigatory methods that were not considered for safety in case of less predictable wind 
damage.     
 Another threat to validity would be that while the mitigations mentioned 
throughout this research are commonly accepted and in use in the United States, there are 
likely others that are more or less available in other parts of the country and/or world.  
These mitigation methods may not be as accessible away from the United States coast, 
and there may be methods that are not widely accepted in use as well.  This is significant, 
as the research discusses less costly ways to mitigate wind damage than what was used in 
the calculations.  The calculations only used a standard estimate from a local hardware 
store.  
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Much of this research was based on the worsening effects of climate change.  
While this is a scientifically accepted fact by most, there may still be some science 
available to the contrary to prove that this wind damage is not a growing concern in the 
United States and abroad.  
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Findings or Results 
 
 The following chart displays the results of cost compared to loss.  The y axis of 
the chart represents loss in monetary value, while the x axis represents cost in the 
monetary cost of the mitigation.  The Pareto Front can be seen by following the lower-
most points on the chart.  If read from the left, the research clearly identifies those home 
configurations that cost the least but allow the most damage.  From the right, the chart 
reads vice versa, showing those mitigations that cost the most, but result in the lowest 
amount of damage.  
 
Figure 4: Results 
 From most damage to highest damage, the optimal points are as follows:  
1. Configuration #26, consisting of an 8d @ 6in/12in roof deck attachment, gable 
roof type, toe-nail roof-wall connection, no garage door, no SWT and no shutters. 
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2. Configuration #36, consisting of an 8d @ 6 in/6in roof deck attachment, gable 
roof type, toe-nail roof-wall connection, no garage door, no SWT and no shutters. 
3. Configuration #31, consisting of an 8d @ 6 in/6in roof deck attachment, gable 
roof type, strap roof-wall connection, no garage door, no SWR, and no shutters. 
4. Configuration #37, consisting of an 8d @ 6 in/6in roof deck attachment, gable 
roof type, toe-nail roof-wall connection, no garage door, no SWR, with shutters. 
5. Configuration #77, consisting of an 8d @ 6 in/6 in roof deck attachment, gable 
roof type, toe-nail roof-wall connection, no garage door, with SWR and shutters. 
6. Configuration #62, consisting of an 8d @ 6 in/12 in roof deck attachment, gable 
roof type, strap roof-wall connection, no garage door, with SWR and shutters.  
7. Configuration #72, consisting of an 8d @ 6 in/6 in roof deck attachment, gable 
roof type, strap roof-wall connection, no garage door, with SWR and shutters. 
8. Configuration #74, consisting of an 8d @ 6 in/6 in roof deck attachment, gable 
roof type, strap roof-wall connection, reinforced garage door, with SWR and 
shutters. 
9. Configuration #152, consisting of 8d @ 6 in/6 in roof deck attachment, hip roof 
type, strap roof-wall connection, no garage door, with SWR and shutters. 
10. Configuration #52, consisting of 6d @ 6 in/12 in roof deck attachment, gable roof 
type, strap roof-wall connection, SWR, no garage door, and shutters. 
11. Configuration #154, consisting of 8d @ 6 in/6 in roof deck attachment, hip roof 
type, strap roof-wall connection, SWR, reinforced garage door, and shutters. 
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12. Configuration #54, consisting of 6d/8d Mix @ 6 in/6 in roof deck attachment, 
gable roof type, strap roof-wall connection, SWR, reinforced garage door and 
shutters. 
13. Configuration #137, consisting of 6d/8d Mix @ 6 in/6 in roof deck attachment, 
hip roof type, toe-nail roof-wall connection, SWR, no garage door and shutters. 
14. Configuration #92, consisting of 6d/8d Mix @ 6 in/6 in roof deck attachment, hip 
roof type, strap roof-wall connection, no SWR, no garage door and shutters. 
15. Configuration #132, consisting of 6d/8d Mix @ 6 in/6 in roof deck attachment, 
hip roof type, strap roof-wall connection, SWR, no garage and shutters. 
16. Configuration #134, consisting of 6d/8d Mix @ 6 in/6 in roof deck attachment, 
hip roof type, strap roof-wall connection, SWR, reinforced garage door and 
shutters. 
A Table representing the configurations of the Pareto Front: 
 
Table 5: Pareto Configurations 
 
Config. Cost Loss
6d @ 
6in/12
6d/8d 
Mix @ 
6in/6/in
8d 
@6in/6i
n
8d @ 
6in/12in
Strap/Toe-
Nail Gable/Hip SWR
Reinforced 
Garage 
Door Shutters
26 $36.00 $206,471.00 Yes Toe Gable No No No
36 $862.00 $172,881.00 Yes Toe Gable No No No
31 $3,690.00 $126,385.00 Yes Strap Gable No No No
37 $5,662.00 $82,364.00 Yes Toe Gable No No Yes
77 $6,590.00 $68,111.00 Yes Toe Gable Yes No Yes
62 $8,592.00 $53,498.00 Yes Strap Gable Yes No Yes
72 $9,418.00 $39,038.00 Yes Strap Gable Yes No Yes
74 $11,218.00 $36,606.00 Yes Strap Gable Yes Yes Yes
152 $16,018.00 $37,861.00 Yes Strap Hip Yes Yes Yes
52 $16,806.00 $40,670.00 Yes Strap Gable Yes No Yes
154 $17,818.00 $36,598.00 Yes Strap Hip Yes Yes Yes
54 $18,606.00 $38,814.00 Yes Strap Gable Yes Yes Yes
137 $20,578.00 $51,779.00 Yes Toe Hip Yes No Yes
92 $22,478.00 $53,213.00 Yes Strap Hip No No Yes
132 $23,406.00 $36,686.00 Yes Strap Hip Yes No Yes
134 $25,206.00 $36,459.00 Yes Strap Hip Yes Yes Yes
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Conclusion 
The goal of this research was to determine which mitigations perform best at 
winds of 180 miles per hour in direct comparison to the cost savings they provided.  
Some mitigations were clear winners and easily identified using the Pareto Optimization 
method.  As mentioned in the Methodology chapter, Pareto Optimization is preferable 
when the variables are competing, and therefore, generally affect each other negatively as 
one improves.  The multiple, optimal solutions that have been determined in this research 
are those which save the most money, both by reducing cost and reducing spending, 
concurrently.  
Unfortunately, some of the best mitigations discovered during this research are 
included upon construction and therefore, generally prohibitively expensive to adjust 
later.  Examples of this include roof type, roof deck attachment and the existence of a 
garage.  This study showed that hip roofs are more wind resistant than gable, but upon 
research it was difficult to find any information regarding the possibility of changing 
from a gable to a hip roof type.  Interestingly, while hip roofs were more wind resistant, 
when compared with the cost of their addition at construction, gable roof types were still 
a better bargain, outperforming the hip type roofs over half the time at most price points.  
Roof-deck attachment is a more commonly retrofitted mitigation, but one of the most 
expensive of the mitigations listed at $10,770.  Garage was easily one of the most 
important factors in loss according to this research as well.  The results of this study show 
that the only cost savings that could be obtained from having a garage was with a 
reinforced door.  A standard door was not significant to any of the configurations listed in 
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the Pareto Front.  However, a reinforced garage door is the lowest priced of the 
mitigations studied and included in a few of the optimal solutions.  With the  
As discussed earlier, the vulnerability of the areas that need this research most, 
often means that the areas require frequent rebuilding, allowing for buildings to be 
upgraded justifiably in some cases.  For example, while RDA upgrade was determined to 
be one of the most expensive mitigations, it was also one of the most effective, being 
included in the five most effective configurations.  While it may not be appropriate to add 
this mitigation to an existing home, it would make sense to include it in one that requires 
rebuilding.  Notably, SWR can be added to an RDA upgrade fairly inexpensively as well.  
Shutters frequently were included in those configurations listed in the Pareto 
Front, costing only $3,128, the results of the calculations show that these are one of the 
most effective additions to a home to reduce damage, with 13 of 16 Pareto Front points 
including them.  At $1700, hurricane straps were determined to be similarly as cost 
effective, being included in 11 of the Pareto Front Points.   
 While the Hazus data was already clearly valuable, this research provided builders 
or decision makers with the knowledge to quickly determine which mitigations are 
worthwhile and cost effective, thereby potentially saving money and lives.  The 
information presented in this work can safely be used to determine building codes that 
should exist in wind prone areas, or to build property that will not decrease as much in 
value due to storm damage.  Also, for those properties that are already built, the 
information can be used to apply mitigations such as shutters or straps, knowing that the 
upfront cost will be worthwhile.  
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Further Uses: 
 The Hazus data has multiple further uses that could have been or could be applied 
in the future.  While this study was limited to wind damage and related mitigations, 
future researchers could look at other types of damage to homes from specific natural 
disasters or other causes.  Hazus has data for multiple types of hazards, such as 
landslides, wildfires, and tsunamis, and different types mitigations that could be 
considered and potentially could use the same Pareto Optimality to determine the best 
mitigations to support homes in those types of disasters.  There are also multiple different 
types of structures available in Hazus data to consider, not just the WSF1 structures that 
were considered for this study. This research was limited intentionally to show the best 
mitigations for winds at a speed of 180 miles per hour, as not restricting the wind speed 
and home type allows the results to include far too many results to be easily usable to 
decision makers who would rely on the research to be a quick tool to decide on the 
reliability and justification of the use of a particular mitigation.   
 A potential further use of the Hazus data and optimization would be to combine 
the wind speeds and examine the potential mitigations in one research article, wherein the 
researcher would potentially be able to apply one of  the algorithms discussed in the 
Literature Review chapter to optimize the data from Hazus in a different way and find the 
best overall mitigations for wind damage, and not just wind damage at speeds of 180mph.  
This could then be applied to other factors as well, such as different types of damage and 
natural disasters, as previously mentioned.  Other types of optimization methods, 
especially the metaheuristic methods that were considered previously for the Hazus data, 
would be ideal for finding ideal mitigations in larger sets, such as those that would 
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include wind speeds other than 180 miles per hour.  Hazus includes multiple levels of 
wind speeds at different intervals of 10 miles per hour.  If all of those were to be 
considered together, then the metaheuristic optimization methods, which are ideal for 
larger data sets could create information useful to decision makers in differing 
environments.  With this optimized data, all that would be needed is a tool to present the 
data, the study could be even further evolved with a tool that could be manipulated to 
show the best options easily, under specific conditions.     
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